Netherlands) for valuable infohation on the origins of the type strains.
One hundred thirty-eight phenotypic features were determined in 38 Zymomonas strains from diverse origin (Zairese fermenting palm saps, Mexican pulque, British spoiled beer, and sick cider). The similarity between all the strains was very high: 27 features were present, and 74 features were absent in all of them; 37 features were variable. By numerical analysis all strains formed one cluster above the simple matching coefficient of 0.88. There were no significant differences between motile and nonmotile strains or between sucrosefermenting and non-sucrose-fermenting strains. A strain from sick cider in Bristol, United Kingdom, was a border case in its phenotypic features, deoxyribonucleic acid relatedness, and protein electropherograms. We propose: (i) to discontinue the use of the species name of Zymomonas anaerobia and its subspecies Z. anaerobia subsp. anaerobia and 2. anaerobia subsp. irnmobilis, and to include all of the strains in this species in Zymomonas mobilis; (ii) to consider Zymomonas congolensis as a nomen nudum and as a synonym of 2. mobilis. We concluded the following from our data: that 2. mobilis is the only species in the genus Zymomonas so far; that all the strains of our Zymomonas collection except one belong in 2. mobilis subsp. mobilis, the type strain of which is ATCC 10988; and that the cider sickness organisms belong in 2. mobilis subsp. pomaceae (Millis) comb. nov., with type strain T. H. Delft ( = strain I
[Barker] = ATCC 29192).
The taxonomy of the genus Zyrnomonas Kluyver and van Niell936 has not been studied extensively, the main reason being that only a few strains belonging to this genus have been known.
We collected some 40 strains, mainly from fermenting palm saps, fermenting Agave sap, deteriorated British beers, and sick cider. All of our strains, except one, had very similar deoxyribonucleic acid (DNA) base composition, genome size, and DNA relatedness (homology) (27). Close genetic relatedness suggests considerable phenotypic similarity. Indeed, the protein electropherograms of all strains, except one, were almost indistinguishably the same. The exception was the cider sickness organism, received as Zymomonas anaerobia var. pomaceae (J. Swings, K. Kersters, and J. De Ley, J. Gen. Microbiol., in press). In the present work we present the phenotypic description of 38 Zymomonas strains and the numerical analysis of 136 features.
MATERIALS AND METHODS
Bacterial strains and growth media. The strains used and information on their origin were listed in previous papers (27; Swings et al., J. Gen. Microbiol., in press). They were maintained and grown on a standard medium containing (wthol) 2% glucose and 0.5% yeast extract (Difco) in distilled water.
Methods of testing, All tests were performed under the following conditions, except when otherwise stated. Inoculations of all liquid test media were made with one drop of a starter culture, 24 h old. The incubation temperature was 30 C. Most tests were followed for up to 3 weeks.
Morphological features. The size of 24-h-old cells was measured on microphotographs from at least three areas in a fixed preparation, stained with 3% basic fuchsin for 1 min. Hucker Gram stain, Burdon lipid stain, Bartholomew and Mittwer stain for spores, and Anthony stain for capsules (25) were performed on cultures grown for 24 h in a standard medium. Intracellular glycogen was detected with Eugol I2 solution. Rosette formation and motility were determined by direct microscope observation of 12-to 24-h-old liquid cultures. Rhodes' method (10) was used for the detection of flagella.
Carbohydrates and derivatives as carbon source for growth and fermentation. Carbohydrates and derivatives as carbon source for growth and fermentation were tested in 9 ml of a liquid medium containing 1% substrate, 0.5% yeast extract (Difco), and 0.003% bromothymol blue. Concentrated solutions of the carbohydrates were sterilized separately through membrane filters (Millipore Corp. or Seitz). 146
The appearance of turbidity, the nature of the cell deposit, and formation of acid or gas were recorded.
Organic acids as carbon source for growth. Organic acids as carbon source for growth were tested as described by Lysenko (a), in 0.5% yeast extract a t pH 7.0 with phenol red as indicator. The acids were Seitz-sterilized separately.
Media for the determination of growth factor requirement and for growth response to amino acids. Media were described by Van Pee et al. (32) .
Synthetic minimal medium. Synthetic minimal medium was made up as described by Kluyver and Hoppenbrouwers (6) . It consisted of 2% glucose, 0.1% K2HP04, 0.1% (NH4)2S04, and 0.05% MgS0,.7H20 in water. Transfers were made with one drop.
Production of ethanol. A solution of 80 ml of 8% glucose and 1.75% yeast extract (Difco) was inoculated with 0.5 ml of a 24-h-old culture and incubated for 4 days a t 30 C. The pH was brought to 10, and the ethanol was distilled off and determined pycnometrically .
Indole formation. In 1% tryptone, 0.1% yeast extract (Difco), and 1% glucose, indole formation was detected with the Kovacs reagent (25).
L-Lysine, L-arginine, and L-ornithine decarboxylases. L-Lysine, L-arginine, and L-ornithine decarboxylases were tested as described by Falkow (5) in 0.5% peptone, 0.3% yeast extract, 0.1% glucose, and 0.002% bromocresol purple (pH 6.75). The amino acids were added to 0.5% final.
Oxidase. Oxidase was determined by the Kovacs (7) method.
Nitrate reduction, methyl red, and Voges-Proskauer reactions. Nitrate reduction, methyl red, and Voges-Proskauer reactions were tested in the media by the method of Millis (9).
Presence of catalase. The presence of catalase was detected with 10% H202.
Presence of amylase. The presence of amylase was tested in a medium with 0.5% yeast extract and 0.2% soluble starch.
Presence of urease. The presence of urease was tested in 9 ml of a medium with 0.1% yeast extract, 0.1% glucose, and 0.0012% phenol red. One milliliter of 20% urea, 2% KH2P04, and 2% KBHP04, sterilized through a membrane filter (Millipore Corp.), was added aseptically. When urease was present, a red color appeared.
Hydrolysis of Tween 60 or 80. Hydrolysis of Tween 60 or 80 (17) was tested in the standard medium with 0.01% CaC1, and 2% agar. Tween was added just before the medium solidified.
Hydrolysis of gelatin. Hydrolysis of gelatin was determined in stabs containing 12% gelatin, 0.5% yeast extract (Difco), and 2% glucose.
Hydrogen sulfide formation. To test for H,S formation, the medium used contained 0.5% peptone, 0.5% yeast extract, 2% glucose, 0.01% cystine, and 0.05% Na2S0, (pH 7). This medium was slightly adapted from one described by Skerman (19) to meet the requirements of Zymomonas. H2S was detected with lead acetate paper strips.
Reduction of TTC. 2,3,5-Triphenyltetrazolium chloride (TTC) was sterilized cold before addition to the solid standard medium.
Reduction of dyes.
Neutral red, safranine T, methylene blue, and thionine were tested in liquid standard media a t 0.001%.
pH tolerance for growth. The pH of the liquid standard medium was adjusted with either NaOH or HC1 before sterilization; the values after sterilization are reported below.
Temperatures for growth. Temperatures for growth in liquid standard medium were tested in a water bath.
Susceptibility to high glucose concentrations. The liquid media used to test susceptibility to high glucose concentrations (20 and 30%) were made up in 2% yeast extract and tyndallized.
Susceptibility to ethanol. Absolute ethanol was added to the liquid standard medium.
Susceptibility to NaCl. The required media were made up by addition of NaCl to liquid standard medium before sterilization.
Susceptibility to antibiotics. Susceptibility to antibiotics was tested with 6-mm disks (Difco or Oxoid) on the inoculated surface of the solid standard medium; a second layer of the same medium was poured on to insure semi-anaerobic conditions. Readings were made after 1, 2, and 3 days. Only zones of over 2 mm around each disk were taken into account (31) .
Susceptibility to the vibriostatic compound 0/129. Susceptibility to the vibriostatic compound 0/129 (2,4-diamino, 6,7-di-isopropyl pteridine) was detected as described by Rhodes (11) .
Coding of the features for computation. The 138
properties tested were coded as + for their presence, as -for their absence, and as NC if no comparison was possible. Numerical analysis. The simple matching coefficients (SsM) (26) were calculated. These values were clustered both by single linkage (20) and unweighted average linkage (26) .
RESULTS

Phenotypical description of Zymomonas.
Of 138 features examined, 101 were identical in all of our strains, 27 features were uniformly present, and 74 were lacking. They are all listed in Table 1 . Thirty-seven features were present in some strains and not in others. These features, with the frequency of occurrence of positive reactions, are listed in Table 2 , whereas the strains with the individual reactions for each strain are given in Table 3 . In addition to the information given in the above-mentioned tables, the following help to describe the genus.
Morphology. The cells had a wide diameter of 1 to 1.4 pm. The cells from some strains (17.1 and 17.3) were curved. In other strains filamentous cells up to 28 pm in length or chains of cells were seen.
pH tolerance. Forty-four percent of the strains still grew at pH 3.5. This high acid tolerance allowed many strains to live in acid palm wines, which mostly have a pH of 3 to 4. The pH range for growth was 3.5 to 7.5. 
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Final pH after growth in standard medium at 34 C, for 7 days: C4.8
1
Growth after a second transfer in the synthetic medium of Kluyver and Hoppenbrouwers . 
Growth stimulatedb by:
Resistance* to:
The total number of strains used was 38. Standard medium contains 0.5% yeast extract and 2% glucose.
* Data from Van Pee et al. (31, 32).
Data not used for SSM calculation.
' Sensitivity to ethanol. All strains grew readily in the presence of 5% ethanol. Many strains still grew in 10% ethanol. In most palm wines the ethanol content is 3 to 5%.
Effect of high glucose concentrations. Kluyver and Hoppenbrouwers (6) reported that their strain (ATCC 10988) of 2. mobilis grew with fermentation in a medium containing 25% glucose. All of our strains grew on a 20% glucose medium. Only strains VP1 and VP3 did not grow on a 30% glucose medium.
Growth on and fermentation of sucrose. Some authors considered the features of growth on and fermentation of sucrose to be the key differences between Zymomonas mobilis and 2. anaerobia (see below). In our collection, 17 Zairese palm-wine Zyrnornonas strains and the named 2. mobiZis strain 10988 (and its subculture 410) grew on and fermented sucrose. Sixteen other Zairese palm-wine Zymomonas strains and three named 2 . anaerobia strains neither grew on nor fermented this substrate. For the latter strains this was not surprising as they had been named 2. anaerobia because they did not ferment sucrose. Numerical analysis. The results of the unweighted average linkage are represented in Fig. 1 . The single-linkage dendrogram (not shown here) was very similar. All strains formed a dense cluster with at least 88% S,, in the first type of calculation ( Fig. 1) and 90% S,, in the second procedure, reflecting a high phenotypic relatedness. The bulk of the group was made up of the Zairese palm-wine strains. In view of the reproducibility limits, all strains above the 95% S,, link must be regarded as taxonomically identical. Whether these strains were isolated from Elaeis sap or Raphia sap either in the western tip or in the northwest part of Zaire, they were all the same, except for a few (less than 12) individual differences.
Both subcultures of the named 2. mobilis strain from Mexican Agave sap were phenotypically almost the same as the Zairese strains; in particular they were indistinguishable from strains isolated from fermenting Elaeis sap around Kinshasa, Zaire, in 1970 by one of us (J.S.).
The named strain 2. anaerobia NCIB 8227 and its subculture Queensland 409 were just at the border of this main group with an average of 15 different features. However, there was no single phenotypic property which consistently differentiated both strains from all of the others. The average phenotypical similarity of both strains with the main group of our strains was as high as two Zairese strains, 17.3 and 70.7.
The cider organism formed the border of the group, with an average difference of 17 features. However, phenotypically there were only five minor properties consistently differentiating this strain from all of the others ( Table 4) .
Phenotypic centrotype. We calculated the phenotypic homogeneity of the cluster and the most representative strain by a slight modification of the methods of Rogers and Tanimoto (13) and of Silvestri et al. (18) . We defined the value of the ranking order R as the number of strains with which the strain under consideration differs with less than 10 features. The hierarchical order H of each strain was defined here as the sum of its identical features with every other strain minus 3,700. The results are shown in Fig. 2 . All of the strains formed a homogeneous cloud, except five border cases. The most typical strains were those from the Z and the 70 series from fermenting Elaeis sap in the neighborhood of Kinshasa, Zaire. Because it had the highest R value, strain Z6 was the phenotypic centrotype. It was also the centroid strain with the most typical electropherogram (Swings et al. , J. Gen. Microbiol., in press) and the most representative strain of 2. mobilis subsp. mobilis. It was deposited as NCIB 11199 and ATCC 29191.
DISCUSSION
We shall discuss here the taxonomic implications from the present phenotypic analysis as well as from our previous results on protein electropherograms (Swings et al., J. Gen. Microbiol., in press) and DNA properties (27). All of our strains, except the sick cider strain, formed one tight group with 48.5 & 1.0 mol% guanine plus cytosine (G+C), over 76% D (degree of DNA relatedness in stringent conditions), a genome molecular weight of 1.5 x lo9, almost identical protein electropherograms, and over 88% of phenotypic similarity SsM. This group contains 21 Zymomonas strains isolated from fermenting Elaeis sap in western Zaire, twelve strains from fermenting Raphia sap in the northwest part of Zaire, two subcultures of the type strain of 2. mobilis, ATCC 10988, isolated from Agave sap in Mexico, two strains from Arenga sap in Indonesia, one named 2. mobilis strain from British ale, and four cultures named 2. anaerobia from spoiled beer in Britain. All of these strains are so similar that they deserve to be united in one taxon, which we propose to call Zymomonas mobilis subsp. mobilis. Sneath Van Pee and Swings (29) suggested the name Z.yrnornonas congolensis for a few strains from Zaire. It was published as a nomen nudum; no type strain was proposed. These strains (see Fig. l) , included in the present study, are indistinguishable from our other strains. A separate species status is not justified; the name of this taxon is a subjective synonym of 2. mobilis. We propose to reject the name 2. congolensis for the above-mentioned reasons.
It was suggested (1) that the fermentation of sucrose is the main feature distinguishing 2. anaerobia from 2. mobilis. However, this conclusion was derived from work with a few strains only. The sucrose fermentation in a Zyrnomonas strain seems to be an inducible property. Kluyver and Hoppenbrouwers (6) observed that their strain of 2. rnobilis lost the ability to ferment sucrose by growing it on glucose and gained it again in the presence of sucrose. An opposite phenomenon was observed by Dadds et al. (2) and by Richards and Corbey (12): subculturing in sucrose or fructose media converted sucrose non-fermenting strains into sucrose fermenters. We found no correlation whatsoever between growth on and fermentation of sucrose and any other feature from Zymomonas strains. Whether strains grow on and ferment sucrose or not, their genotypical (27) and phenotypical (Swings et al., J. Gen. Microbiol., in press; and this paper) features are almost indistinguishable. The only quantitative information on the mechanism of sucrose breakdown was given by Dawes et al. (3) with 2. rnobilis NCIB 8938, About 10% of the sucrose is converted to levan and glucose by a levansucrase. About 90% of the sucrose is hydrolyzed to glucose and fructose; whether this is effected by levansucrase or by an independent invertase is not known. The enzymatic difference between sucrose-fermenting and non-sucrose-fermenting zymomonads is probably one or at most two enzymes (levansucrase and/or invertase). It is not justified to create or to maintain a separate species because of such a small difference. We examined three cultures (plus two subcultures) of named 2. anaerobia strains, all from spoiled British beers. None of them is a type strain. When Shimwell described Achromobacter (151, later (16) Saccharomonas anaerobia, he proposed no type strain. We have been unable to obtain authentic 2. anaerobia cultures, isolated by the late J. L. Shimwell, either from the two breweries where he had been working or from one of his former collaborators. An authentic cotype of 2. anaerobia, strain D-364 (23) , is no longer available (Sneath, personal communication). We are not aware of other existing strains of this species. Because of all the arguments presented in the present paper, we propose to regard 2. anaerobia as a synonym of 2. mobilis, to discontinue the use of 2. anaerobia as a separate species, and to include all of these strains in 2. mobilis subsp. mobilis. Our formal proposal agrees largely with former suggestions (2, 4, 12) that the genus Zyrnomonas be represented by one species only, namely 2. mobilis. The proposal of Richards and Corbey (12) to relegate the species 2. anaerobia to variety level as 2. mobilis var. anaerobia is no longer acceptable, because there are no significant differences between 2. mobilis subsp. mobilis andZ. mobilis subsp. anaerobia, as explained in the present paper.
A few strains could not be included in the numerical analysis because they were received after the present study was terminated. They are 2. anaerobia 1 and 2 (isolated from beer in England), 2. rnobilis 3 Delft from Arenga sap in Indonesia, 2. mobilis 6 Delft from tuak in Indonesia, and 2. mobilis B70 from infected British ale. According to Dadds et al. (2), strain B70 has a few features which are different from those of the stock strains NCIB 8938 and NCIB 8227 (vitamin requirements, serology, and slightly but not significantly lower G+C content). However, not enough strains and features were included by them for comparison, and the nature of the differences they found allow no statistically meaningful taxonomic conclusions. In our experience, DNA homology (27) and/or protein electropherograms (Swings et al., J. Gen. Microbiol., in press), and a number of phenotypic features (not given here), showed that all of the above-mentioned five strains are normal members of Zyrnornonas mobilis subsp. mobilis.
One strain in our collection was aberrant (see Fig. 3 ). It was isolated in Bristol from sick cider. It was sent by B.T.P. Barker in 1951 to the Laboratory of Miqrobiology , Technical University, Delft, The Netherlands, as Saccharomonas pornaceae strain I. It is very likely either strain B from Barker or strain 1 of Millis (9; Millis and van der Toorn, personal communications). We received this strain from Ir. J. van der Toorn, Delft, as 2. anaerobia subsp. pomaceae, the name proposed by Millis (9) for the cider sickness organism. Since 2. rnobilis and 2. anaerobia are synonyms, we propose a transfer of the subspecies to 2 . mobilis subsp. pomaceae (Millis) comb. nov. with our strain T.H. Delft (= I from Barker) as the lectotype strain. It was deposited as ATCC 29192 and NCIB 11200.
